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This work aimed to verify the allelopathic potential of the extract of Citrus seeds, for the purpose of adding 
a sustainable value to the fruit seeds toward their use as industrial residues. The extract was obtained 
with a Soxhlet apparatus by using hexane, chloroform, and methanol as solvents. The hexane extract 
of the Citrus seeds primarily consisted of linoleic acid (36.6%), followed by α-linoleic acid (25.3%), 
oleic acid (17.8%), palmitic acid (9.7%), and estearic acid (3.3%). The analysis results indicate that 
the oil is similar to those used in the cosmetics and food industries and has an economic value from its 
industrial application. In addition, the use of the oil causes changes in the oxidant balance, germination, 
and growth of plants.
Uniterms: Citrus sinensis (L.) Osbeck/residues/utilization. Citrus sinensis (L.) Osbeck/seeds/allelopathic 
potential. Rutaceae/residues/utilization. Fixed oil. Fatty acid.
Este trabalho teve como objetivo verificar o potencial alelopático do extrato de sementes de Citrus, 
com o objetivo de agregar valor sustentável para a semente de frutas para a sua utilização como resíduo 
industrial. O extrato foi obtido com aparelho de Soxhlet, utilizando hexano, clorofórmio e metanol como 
solventes. O extrato hexânico das sementes de Citrus constituiu principalmente por ácido linoleico 
(36,6%), seguido por ácido α-linoleico (25,3%), ácido oleico (17,8%), ácido palmítico (9,7%) e ácido 
esteárico (3,3%). As análises indicam que o óleo é semelhante aos utilizados na indústria de cosméticos 
e de alimentos, tem valor econômico para a utilização na indústria e seu uso provoca alterações no 
equilíbrio oxidativo, germinação e crescimento.
Unitermos: Citrus sinensis (L.) Osbeck/resíduos/utilização. Citrus sinensis (L.) Osbeck/sementes/
potencial alelopático. Rutaceae/resíduos/utilização. Óleo fixo. Ácido graxo.
INTRODUCTION
Allelopathy is a regular practice for controlling 
weeds and could represent a good approach to reduce the 
use of pesticides. However, the use of allelochemicals 
may influence the development of other organisms by 
causing various effects, such as a reduction in nutrient 
absorption, inhibition of photosynthesis, changes in the 
respiratory system that could accelerate or diminish the 
plant respiration, as well as changes in growth hormones, 
dismutase antioxidant defense, protein synthesis, and 
membrane permeability and enzyme activity inhibition 
(Mauli et al., 2009; Pergo,Ishii-Iwamoto, 2011).
The toxicity of reactive oxygen species (ROS), 
which causes oxidative damage to cell macromolecules, 
is well documented (De Wit, 2007; Chen, 2008). There 
is evidence that ROS also play normal physiologic roles, 
acting as signaling molecules in many processes, including 
seed germination and growth (Ryan, 2000; Chen, 2008). 
The shift from a normal role in cell signaling to a toxic 
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role with deleterious effects is probably associated with 
changes in ROS homeostasis that result from a shift in the 
balance between ROS-producing and ROS-scavenging 
processes (Pergo, Ishii- Iwamoto, 2011). 
Cell growth in plants depends on a normal mitotic 
process. The growth-limiting effects of various kinds of 
stress have been reported as factors in the control of cell 
division (Ding et al., 2010). The uniform division of all 
cell components allows balanced growth for the organism 
(Reigosa et al., 2006). Mitotic activity, alterations in the 
mitotic phase, and individual cell abnormalities are key 
parameters by which plant growth may be evaluated 
(Teerarak, Laosinwattana, Charoenying, 2010). Onion or 
lettuce tests are standard techniques for cytogenetic assays 
in environmental monitoring because the data obtained from 
these plants show a correlation between mammalian and 
nonmammalian test systems (Schmidt-Silva et al., 2011).
The genus Citrus belongs to the Rutaceae family and 
has a vast distribution, mainly in tropical and subtropical 
regions (Manner et al., 2006). Brazil is one of the biggest 
Citrus-producing countries, with a mean yield of 20-25 
tons/hectare (Mahmood, 2005; Khan, 2005; Di Bella et 
al., 2010). The production growth in food industries has 
caused an increase in the production of Citrus residues 
(seeds). These residues, originated from in nature 
consumption, are more often totally discarded, causing 
problems of environmental contamination because the 
waste is more likely to be degraded by microorganisms. 
Thus, the use of these residues in an efficient, economic, 
and environmentally safe manner is especially important 
in view of their potential profitability and applications 
(Schieber, Stintzing, Carle, 2001).
This work aimed to investigate the application 
of residues of C. sinesis seeds given their biological 
potential. Thus far, there has been no study regarding 
their potential application as natural herbicides, having 
substances that may be used in the control of weeds, or as 
an environmentally safe option for eliminating industrial 
residues. The parameters of respiratory activity, total 
chlorophyll, and antioxidant enzyme activity implicated in 
ROS balance were measured during the germination and 
growth of lettuce (Lactuca sativa L. cv. Grand Rapids). 
The enzyme activities measured in these plants included 
superoxide dismutase (SOD), catalase (CAT), peroxidase 
(POD), ascorbate peroxidase (APX), and polyphenol 
oxidase (PPO).
MATERIAL AND METHODS
Citrus fruits were collected at Jardim Alegre in 
Paraná, Brazil, and the species sample was kept in the 
Botanical Garden of Curitiba (MBM), also in Paraná, 
with the label number 11784. The fruits were fractionated. 
Then the seeds were selected by hand, washed with water, 
and dried at 40 °C in a greenhouse with air circulation 
for 19 h. The seeds were placed in a glass flask, which 
was then closed and labeled. They were stored in a room 
without light and humidity and kept at room temperature 
until use. To obtain the extracts, the seeds were subjected 
to extraction of hexane, and then of chloroform and 
methanol, through percolation with a Soxhlet apparatus 
for 6 h; the extracts were then concentrated in a rota-steam 
at 60 °C. Hexane (FH), chloroform (FCL), and methanol 
(FM) fractions were obtained.
Determination of fatty acids on hexane fraction 
T h e  f a t t y  a c i d s  w e r e  i d e n t i f i e d  b y  g a s 
chromatography, and the corresponding peaks of 
saturated and unsaturated fatty acids were detected. 
For the analysis, an Agilent 6850 gas chromatograph, 
the EZChrom SI software, a flame ionization detector, 
and a column of DB-23 stainless steel (60 m x 0.25 
internal diameter x 0.25 film) with a stationary phase 
(50% cyanopropyl) methylpolysiloxane were used. For 
the derivatization, 100mg of oil was added to a mixture 
of 10 mL of hexane and 100µL of 0.2 N KOH, which 
was then shaken in a vortex for 5 minutes. Glycerin 
was decanted, and the supernatant was added directly 
into the vial; 1 µL of the sample was injected and with a 
chromatography under current conditions of 30 mL/min 
of hydrogen gas, an injector temperature of 250 °C, and a 
detector temperature of 280 °C. The determination of oil 
components was done through comparison of the Kovats 
retention indexes with those described by Adams (1995).
Germination and growth bioassays
The allelopathic effects of the fractions were 
evaluated during the germination and growth of lettuce 
(Lactuca sativa L. cv. Grand Rapids) bought in a local 
commerce. To prepare the solutions, the fractions (FH, 
FCL, and FM) were first weighed with an analytical 
balance, taking into account the water content. The 
stock solutions (1000 mg.mL-1) were prepared from 
the mass calculated for each fraction and dissolved in 
dimethylsulfoxide (DMSO) at 0.1% (Dayan, Romagni, 
Duke, 2000); 500 and 250 mg.mL-1 concentrations were 
then prepared by dilution. The solutions were packed with 
a solution of 10 mM 2-morpholinoethanesulfonic acid 
(MES); the pH was adjusted to 6.0 (Macias, Castellano, 
Molinillo, 2000) with a solution of 0.1 N KOH by using a 
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pH meter. For the germination bioassays, the methodology 
of Macias et al. (2000) was applied, in which 5.0 mL of 
the solution from the treatments was placed in petri dishes 
(9.0 cm in diameter) with Whatman no. 10 filter paper, 
which were previously placed in an autoclave at 120 °C 
for 20 minutes. Soon after, 50 diaspores were sowed and 
arranged at random over each disk of filter paper, with 
four repetitions for each solution, according to Brasil 
(2009). As control, a similar procedure was used but 
without the extracts. Petri dishes containing the diaspores 
were kept in a germination chamber (BOD) under light 
conditions (160 W), relative humidity (± 80%), and 
constant temperature, according to Brasil (2009) (lettuce 
kept at 25 °C with constant internal light). Evaluation of 
the germination was carried out daily, every 12 hours; 
the criterion was a radicular protrusion with a minimum 
length of 2.0 mm. The experiment was ended when the 
germination measurement was insignificant for three 
days in a row. For the growth bioassays, the methodology 
described by Barnes et al. (1987) and Macias et al. (2000) 
was used. First, the seeds were germinated in petri dishes 
with filter paper dampened with 5.0 mL of distilled water. 
After germination, and with the criterion of a radicular 
protrusion with a minimum length of 2.0 mm, 80 seedlings 
(four repetitions with 20) were selected for each treatment. 
These were transferred to petri dishes with the treatment 
solution through a similar procedure to that described in 
the germination bioassays. After three days of the radicular 
protrusion, the root and hypocotyl elongations were 
measured (ten seedlings for each dish) with a millimeter 
graph paper. The roots and hypocotyls were then washed 
and later dried in a stove at 60 °C until a constant weight 
was achieved to obtain the dry weight.
Analysis of the mitotic index (MI)
To determine the mitotic index, 2 cm of primary 
root from each seedling was collected from the distal 
extremity, immersed in Farmer’s solution (3:1 ethanol/
glacial acetic acid) (Jensen, 1962) for two hours at 25 °C, 
and then transferred into a solution of 70% alcohol and 
stored at 8 °C. The tips of the roots were treated according 
to Oliveira et al. (1996) and dyed with toluidine blue to 
determine the mitotic index. The dyed root tips were cut, 
initial 2.0mm, on the microscope blade and then pressed 
under the filter paper to crush the apex and extract excess 
dye. The material was observed under a standard optical 
microscope with 1000x magnification, and the number 
of cells in each phase of mitosis (prophase, metaphase, 
anaphase, and telophase) was counted. The blades were 
triple evaluated.
Evaluation of enzymes related to the defense 
proteins
For the analysis, 2.0 g of fresh lettuce material was 
crushed in gral with liquid nitrogen. The resulting powder 
was homogenized with 50 mM sodium phosphate buffer 
(pH 7.0) containing 2 mM EDTA and 1.0% PVP. The 
supernatant was collected and used as crude extract at the 
described dosages; the precipitate was discarded (Marques, 
Xavier Filho, 1991). The extracts were conditioned at 
-18 °C at the Laboratório de Farmacotécnica, UFPR, until 
analysis.
The quantity of total proteins was measured by 
using the method described by Bradford (1996). The 
protein concentration of the extracts was determined 
by comparison with a standard curve of bovine serum 
albumin (BSA) and measured by spectrophotometry at 
594nm absorbance.
The SOD activity was determined through the 
method of Gupta et al. (1993), by using a reaction mixture 
containing the enzymatic extract and adding 50 mM 
potassium phosphate (pH 7.8), 9.9 mM L-methionine, 
57 µM nitrotetrazolium blue (NBT), and 44 mM riboflavin 
buffer. After 20 minutes of the portion, the absorbance 
at 560 nm was measured, and the SOD activity in unit 
SOD.g-1 MF was recorded. In this assay, a SOD unit was 
defined as the quantity of enzyme necessary to inhibit 50% 
the photoreduction of nitrotetrazolium blue.
The POD activity was determined according to the 
method by Pütter (1974). The reaction system contained 
a mixture of 0.1 M sodium phosphate (pH 7.0), 0.1 M 
pyrogallol, and 0.1 M H2O2. The absorbance of the mixture 
at 470 nm was measured. The specific activity (POD 
activity/µg protein) was expressed in units of enzymatic 
activity (UEA), in which one unit corresponds, randomly, 
to a difference of 0.001 in protein absorbance/minute/µg 
(Gray et al., 1996).
The CAT assay was measured by adding 1 M H2O2 
to a reaction mixture containing 50 mM sodium phosphate 
(pH 6.0) and enzymatic extract. The decrease in H2O2 was 
monitored by the absorbance at 240 nm; the absorbance 
difference (ΔA240 nm), obtained by linear regression, 
was divided by the coefficient of molar extinction from 
39.4 M-1.cm-1 of H2O2 (Aebi, 1984). The CAT activity was 
expressed in units of enzyme activity.FM (fresh material).
The APX activity was determined according to the 
method of Amako et al. (1994). The reaction mixture 
contained 50mM potassium phosphate (pH 7.0), 1 mM 
hydrogen peroxide, 0.5 mM ascorbic acid, 0.1 mM EDTA, 
and enzymatic extract buffer. The absorbance of the 
mixture was measured at 290 nm. The rate of ascorbate 
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oxidation was evaluated by monitoring the absorbance 
decrease, and the APX activity was expressed in units of 
enzyme activity.FM (fresh material).
The PPO activity was determined according to 
the method of Duangmal and Owusu Apenten (1999), 
which measures the conversion of catechol in quinone. 
The substract used was compound by 20 mM catechol 
in 100 mM sodium phosphate buffer (pH 6.8). For the 
reaction, which was done at 30 °C, the mixture was added 
to the enzymatic extract, and its absorbance was measured 
at 420 nm with a spectrophotometer. The results were 
expressed in units of enzyme activity.FM (fresh material).
To determine the α-amylase activity, the extract was 
placed in a double boiler at 70 °C for 20 minutes, added 
to a solution of 1.0% amide and phosphate buffer, and 
then incubated at 30 °C for 5 minutes. After, a solution of 
lugol 1.0% mL and the measurement was achieved in a 
spectrophotometer at 620 nm (A OAC, 1965). The results 
were expressed in µg min-1.g-1MF of hydrolyzed starch.
The chlorophyll content was determined after 
crushing of the aerial parts of the seedlings in gral and 
extraction with DMSO (Cayon et al., 1990). The solution 
absorbances were measured with a spectrophotometer at 
645 and 663 nm wavelengths, after which the chlorophyll 
a, chlorophyll b, and total chlorophyll contents were 
calculated (Arnon, 1949). The potential respiration of the 
root cells from the lettuce seedlings was evaluated by the 
reduction of triphenyl tetrazolium chloride (TTC) through 
the activity of the dehydrogenase enzymes and with the 
emergence of formazan. To evaluate this characteristic, 
the roots were first cut at 1cm from the root cap, and then 
all their masses were taken and transferred to test tubes 
containing a 0.6% (p/v) TTC solution in 0.05 M phosphate 
buffer (pH 7.0). The test tubes were kept under vacuum in 
desiccators for 2 hours and then placed in a double boiler 
at 30 °C for 15 hours.
At the end of this period, the TTC solutions were 
drained from the test tubes, and the roots were washed 
once in distilled water. The test tubes containing the roots 
were again transferred to a double boiler with boiling water 
(±100 °C), into which 95% (V/V) ethanol was added. After 
10 minutes, the obtained ethanolic solutions were drained 
into other test tubes. After cooling at room temperature, 
10mL of 95% (V/V) ethanol was added to each solution. 
The absorbances of these ethanolic solutions were 
measured with a spectrophotometer at 530 nm wavelength 
(Steponkus, Lanphear, 1967).
Statistical analysis
This study used a randomized design involving 
four simple assays, FH, FM, and FCL of C. sinensis, 
with four treatments (0, 250, 500, and 1000 mg/L), in 
four repetitions for the germination and growth bioassays 
and three repetitions for the mitotic index and enzymatic 
tests. Each portion consisted of 50 diaspores for the 
germination and 10 for the root and hypocotyl growth. 
The germinability (%G) was calculated according to the 
methodology described by Labouriau (1983) and the 
germination speed index (GSI) by Maguire (1962), as cited 
by Ferreira and Borghetti (2006).
The data were submitted to variance analysis, and 
when the treatment effects were significant (p<0.05) in 
relation to the control, the means were compared by using 
Tukey’s test. All results were analyzed at the significance 
level of α=5%.
RESULTS AND DISCUSSION
Co-injection analysis with standards in gas 
chromatography led to the identification of methyl esters 
in synthesized fatty acids from the transesterification with 
methanol, from the respective methyl esters isolated from 
the hexane fraction: palmitic, estearic, oleic, linoleic and 
α-linoleic acids (C 18:3) (Figure 1).
In the fixed oils analysis, the oleic, linoleic, and 
α-linoleic unsaturated fatty acids eluted at a higher period 
of retention and in meaningful quantities, being the most 
part polyunsaturated fatty acids. These results indicate 
that the residue could be treated as a functional food that 
could be important in the health industry, considering that 
unsaturated compounds represent about 80% of the oil 
composition of the Citrus sinensis seed, and 61% of those 
compounds are polyunsaturated (Table I).
This characteristic assists the commercial use 
of residues from the fruits because materials rich in 
monounsaturated and polyunsaturated fatty acids are of 
great importance to industries that are seeking alternative 
ingredients for healthier products (Nascimento et al., 
2008).
In relation to the germination and growth bioassays, 
the analysis of the allelopathic effects of Citrus sinensis 
fractions indicated that the intensity of the effects varied 
with the evaluated fractions and the concentrations used as 
indicators. Regarding the germination speed, all fractions 
were observed to have delayed germination, which caused 
a reduction in the lettuce germinability (Table II). FCL and 
FM fractions at 250, 500, and 1000 μg.mL-1concentrations 
caused a delay in germination with values higher than 
50%. The results for the chloroform and ethanolic fractions 
were ±55% and ±70%, respectively. For the germination, 
the methanolic fraction was found to inhibit the final 
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TABLE I – Fatty acids with higher concentrations (%) in the seed 
oil of Citrus sinensis as analyzed by peak area
Fatty acid Name
Retention time in 
the chromatogram 
(min)
Concentration 
(%)
Palmitic acid 16:61 9.7
Stearic Acid 19:42 3.3
Oleic Acid 19:89 17.8
Linoleic Acid 20:85 36.3
α-linolenic Acid 22:19 25.3
FIGURE 1 – Chromatogram (GC) obtained from the hexane extract of Citrus sinensis, seeds, showing fatty esters in the oil.
percentage of germinated seeds, causing 93.5% of the 
reductions in the highest assayed concentration compared 
with the control (Table II).
Studies with vegetable oils were evaluated for 
verifying the inhibition of the seeds germination and some 
of them were rich in saturated fatty acids with long chain, 
and the palmitic and oleic acids were distinguished. Some 
reports in the literature have identified oleic, myristic, 
stearic, palmitic, and linoleic acids, as well as other long-
chain fatty acids, as allelophatic agents. The α-eristic and 
palmitic acids are considered the most potent inhibitors 
of sorghum germination, and their inhibitory capacity is 
TABLE II – Germination rate index (GSI) and germination percentage (G%) of lettuce exposed to different concentrations of hexane 
(FH), chloroform (FCL), and methanol (FM) fractions of Citrus sinensis
Germination Speed Index (GSI)
Treatment 250 mg/L 500 mg/L 1000 mg/L
Control: 24,54 ± (0,41)
FH 16,20 ± (0,73)* 12,50 ± (0,62)* 16,60 ± (0,17)*
FCL 15,94 ± (0,49)* 14,2 ± (0,51)* 10,8 ± (0,71)*
FM 13,96 ± (0,40)* 10,47 ± (0,15)* 7,19 ± (0,25)*
Germination percentage (G%)
Treatment 250 mg/L 500 mg/L 1000 mg/L
Control: 99,5 ± (1,00)
FH 86,5 ± (3,00)* 74,5 ± (3,00)* 46,5 ± (1,15)*
FCL 79,5 ± (1,91)* 75,0 ± (2,58)* 52,5 ± (4,72)*
FM 93,5 ± (2,51)* 80,5± (1,00)* 83,0 ± (1,91)*
* Tukey’s test showed that the mean treatment differed significantly (p <0.05) from the average control. ns The average treatment 
did not differ significantly from the control.
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inversely proportional to the size of the carbon acid chain 
(Xuan, Tsuzuki, 2004; Edney, Rizvi, 1996; Marambe, 
Nagaoka, Ando, 1993; Rice, 1984).
Regarding the growth evaluation, the fractions were 
found to cause a decrease in seedling size when the highest 
assayed concentrations (Figures 2 and 3) of primary roots 
and hypocotyls were analyzed. The most marked effects 
were observed in FM, with ±50% and ±55% for primary 
roots and ± 19% and ±33% for hypocotyls at 500 and 
1000 μg/mL-1 concentrations, respectively (Figure 2). 
For the dry weight content, no significant reductions were 
observed in any of the assayed fractions, indicating that 
the evaluated fractions did not cause a decrease in vegetal 
biomass in the studied species, which may be justified 
by the thickening of the primary roots and hypocotyls 
(Figure 3). 
FCL at 250 μg.mL-1 concentration showed the 
stimulation of the hypocotyls and dry weight; no allelopathic 
effect was observed at 500 mg/mL concentration. It is 
possible that the stimulus occurred in the fraction because 
a low concentration causes the effect known as hormesis. 
Liu et al. (2003) acknowledged that when bioassay 
techniques are used to study the effects of allelochemicals 
on plant processes, the processes are generally observed 
to be stimulated at low allelochemical concentrations and 
inhibited as the concentrations increase.
These results suggest a possible phototoxic effect 
of linoleic acid on L. sativa. Quintana et al. (2009) 
showed that linoleic acid was phytotoxic in L. sativa and 
that the toxicity of fatty acids increases with an increase 
in double bonds. The phytotoxic properties of fatty 
acids are well known and understood. The allelopathic 
properties of long-chain fatty acids on algae have been 
reported previously by Song et al. (2004), and fatty acids, 
among other compounds, have been identified as putative 
allelochemicals.
Regarding morphologic changes, all the fractions 
were found to cause changes in some evaluated 
parameters, such as an increase or decrease of hairs in the 
piliferous zone or of oxidation in the root cap region. The 
1000 μg.mL-1 concentration of FH and FCL (Figure 4) 
caused secondary root and meristematic callus formation 
in the region of the piliferous zone; this process may 
be associated with an increase in ethyl synthesis by 
the primary roots, causing morphologic changes (Taiz, 
Zeiger, 2004). The 250 μg.mL-1 concentration of FM 
(Figure 4H) caused an increase of hairs in the piliferous 
zone, which may be related to a deficiency in water 
absorption by the seedling; the increase of hairs served 
as a mechanism for improving the absorption (Larcher, 
2000).
FIGURE 2 – Average growth of the hypocotyl and root dry mass of lettuce seedlings subjected to hexane (FH), chloroform (FCL), 
and methanol (FM) fractions of Citrus sinensis. Data are expressed as percentages relative to control.
FIGURE 3 – Decrease in the dry weight of lettuce seedlings 
subjected to hexane (FH), chloroform (FCL), and methanol 
fractions (FM) of Citrus sinensis. Data are expressed as 
percentages relative to control. 
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Regarding the mitotic rate evaluation, as the 
concentration of the evaluated fractions increased, the 
mitotic rate decreased (Figure 5), with the lowest mitotic 
rate obtained at 1000 μg.mL-1 concentration (±69% 
inhibition). When the mitosis frequencies were compared 
between treatments, the highest values were observed 
in the prophase and the lowest ones in the other phases, 
indicating that the fraction concentrations caused a drastic 
reduction in the mitotic rate; the root growth stopped at 
FIGURE 4 - Pattern changes in the morphologic meristematic 
region (piliferous zone and hood) of Lactuca sativa seedlings 
subjected to (A) control with distilled water, (B, C, D) hexane 
fraction, (E, F, G) chloroform fraction, and (H, I, J) methanol 
fraction from Citrus sinensis.
the 500 μg.mL-1 concentration, mainly in the absence of 
the telophase. This interference in cell division caused by 
the extract highlights the negative effect of the extract on 
the development of the test plant.
At higher concentrations, all extracts caused the 
inhibition of the mitotic activity. Consistent results were 
found between inhibition of root growth and decrease in 
mitotic index (MI) at the highest extract concentrations 
tested. The MI for treated roots was significantly lower 
than that for control, indicating alterations in the growth 
and development of exposed plants as a result of chemical 
action (Hoshina & Marin-Morales, 2009).
Peres et al. (2007) suggested that plants, because 
of their sessile nature, have developed mechanisms that 
allow them to adjust the cell cycle in response to the 
environment. Both biotic and abiotic stress stimuli can 
affect plant growth negatively through the inhibition of 
the cell cycle machinery. The cell cycle can be affected 
in several ways. The perception of biotic and abiotic 
stress signals activates signaling cascades that trigger 
ion fluxes, kinase cascades, the generation of ROS, and 
the accumulation of anti-mitogenic hormones, such as 
abscisic and jasmonic acids. These signaling molecules 
might stimulate cell-cycle checkpoints, resulting in 
impaired G1-to-S transition, followed by a decrease in 
DNA replication and/or delayed entry into mitosis (Peres 
et al., 2007).
Regardless of  the primary mechanisms of 
allelochemical-induced oxidative stress, our data suggest 
that the presence of allelochemicals, which cause 
further oxidative stress, may leave seeds/seedlings more 
vulnerable to cellular dysfunction and cell death. In 
agro-ecosystems, allelochemicals with high oxidative 
stress-inducing potential can be released from cultivated 
plants or cover crops and cause inhibition of the growth 
and development of weed species. The identification of 
these allelochemicals may contribute to the discovery of 
natural compounds with herbicide potential (Duke et al., 
2000; Inderjit, Duke, 2003). In fact, some commercial 
herbicides are known to cause cellular death by inducing 
oxidative stress. This is a consequence of either electron 
flow interference in photo system II (PSII) or inhibition of 
synthesis of antioxidant compounds, including carotenoids 
(Kruse et al., 2006).
Regarding the antioxidant balance, a marked increase 
in the production of POD and CAT enzymes was verified 
at all concentrations of the used fractions. However, in the 
analysis of POD activity, the lettuce seedlings were found 
to be more sensitive to the methanolic and chloroformic 
fractions at the highest assayed concentrations, with an 
increase of ±13 and ±15%, respectively, suggesting a 
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possible relation. Regarding CAT activity, the chloroformic 
fraction presented a higher performance, with an increase 
of ±20% at 1000 μg.mL-1 concentration (Figure 6).
A similar effect was verified in the production of 
APX, which was not significant only in the 250 μg.mL-1 
FH treatment. FM altered the activity of this enzyme, with 
an observed increase of ± 34 UEA.mg-1 and ±39 UEA.
mg-1 at the 500 μg.mL-1 and 1000 μg.mL-1 concentration, 
respectively, compared with the control. A change in 
SOD activity was observed, with FCL and FM causing 
an increase of ± 9 UEA.mg-1 for both fractions at 
1000 μg.mL-1 concentration. Regarding the PPO activity 
for FCL and FM at 1000 μg.mL-1 concentration, stimuli 
of 63 UEA.mg-1 and 74 UEA.mg-1. FM were observed, 
which were statistically significant when compared with 
the control (Figure 6).
Regarding the energetic metabolism (α-amylase), 
an increase in enzymatic production was observed in all 
fractions and at the highest assayed concentrations, when 
compared with the control; the methanol fraction did not 
present any activity at the lowest concentration.
Regarding the total protein content, an increment 
was observed in all evaluated fractions, with only 
the 500 μg.mL-1 FH concentration showing a nonsig-
nificant increase relative to the control (Fig. 7). The 
1000 μg.mL-1 FCL and FM concentrations caused an 
increase of 222 and 234 UEA.mg-1, respectively, which 
was related to the high level of the evaluated enzymes 
(Figure 7).
The occurrence of SOD, CAT, and POD activities 
in seedlings, along with the significant respiration, 
suggests that the production of ROS is initiated as soon 
as mitochondrial respiration is reestablished during 
seed imbibition. Respiration accounts for the oxygen 
that is converted into superoxide and H2O2 (Puntarullo 
et al., 1988) or used by the mitochondrial alternative 
oxidase (AOX) and other cytosolic or membrane-bound 
oxidases, including lipoxygenases. Although the relative 
contribution of each process to respiration and total 
chlorophyll cannot be inferred from our data, all these 
processes have been previously shown to be stimulated in 
oxidative stress conditions (Siedow, Moore, 1991; Baker, 
FIGURE 5 - Mitotic index of lettuce meristematic root cells exposed to different concentrations of hexane (FH), chloroform (FCL), 
and methanol (FM) fractions from Citrus sinensis. Data are expressed as percentages relative to control.
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FIGURE 6 - Peroxidase, catalase, ascorbate peroxidase, superoxide dismutase, α-amylase, and polyphenol oxidase activity in lettuce 
seedlings subjected to hexane (FH), chloroform (FCL), and methanolic (FM) fractions of Citrus sinensis. Data are expressed as 
percentages relative to control.
Orlandi, 1995; Thaler, 1999; Porta, Rocha-Sosa, 2002; 
Blokhin, Virolainen, Fagerstedt, 2003).
After the completion of germination, there was a 
distinct pattern of change in the activities of antioxidant 
enzymes in hypocotyls and primary roots. The activity 
levels of SOD, CAT, APX, and POD in seedlings had 
increased its activities period, possibly reflecting a 
further increase in ROS production. This was probably 
due to the higher oxygen availability for primary roots 
in comparison with cotyledons, as Wojtyla et al. (2006) 
observed in pea seeds. Those authors verified an increase 
in the concentration of free radicals in embryo axes after 
radicle protrusion, but they reported no significant changes 
in cotyledons. Goodman et al. (1986) also reported a large 
and rapid change in free radical levels in roots as a direct 
consequence of the oxygen content in the surrounding 
atmosphere.
A comparison of the activities of the assayed 
enzymes indicated that SOD and CAT were probably the 
main antioxidant enzymes involved in the scavenging 
of ROS for Ipomoea triloba during germination (Pergo, 
Ishii-Iwamoto, 2011). The species also contains accessory 
enzymes that neutralize H2O2, such as the PODs. PODs 
exist in a large number of isoenzymatic forms and are 
implicated in a broad range of enzymatic reactions 
(Noctor, Foyer, 1998); a correlation between APX activity 
and levels of ascorbic acid was shown by Wojtyla et al. 
(2006). Thus, ascorbate could play a role in nonenzymatic 
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antioxidant defense systems in primary roots of I. sativa 
physiological processes (Passardi et al., 2005). PODs bind 
to cell wall polymers by ionic or covalent interactions, 
and these bonds are believed to participate in lignin 
biosynthesis and the formation of cross-linking in the cell 
wall (Müsel et al., 1997; Quiroga et al., 2000). Guaiacol-
specific PODs have been used as indicators of oxidative 
stress (Almagro et al., 2009).
The above-mentioned effects may have contributed to 
the decrease in energetic consumption during germination, 
leading to an increase of total proteins. The germination 
process of the seeds leads to enzymatic unchaining, which 
is capable of developing nutritive reserves to nourish 
the embryonic axis. Whereas starch is one of the stock 
molecules in the plant kingdom, α-amylase is one of 
the hydrolytic enzymes that cleaves to starch, providing 
specific energy for plant growth (Buckeridge et al., 2004).
Regarding the chlorophyll content, the chloroformic 
and methanolic fractions caused a significant reduction 
in the chlorophyll content of the lettuce at all evaluated 
concentrations (Figure 8). The highest concentrations 
reduced the chlorophyll in the studied leaves, causing 
a decrease in photosynthesis activity, with a reduction 
of ± 14 mg.L-1 and ± 15 mg.L -1 at the 1000 mg.L-1 
concentration.
In the respiratory process, FCL and FM caused 
greater reduction only at 1000 mg/L concentration, with 
1.524 and 1.116 UEA.mg.MF decreases in formazan 
synthesis. FH led to respiratory increases in roots 
throughout the highest concentrations compared with the 
control (Figure 8).
These results reveal that respiration and total 
chlorophyll in seedlings of L. sativa appear shortly 
after the seed imbibition period, as indicated by the 
considerable respiratory activity. The respiratory activity 
of primary roots is gradually decreased during the growth 
period. Considering that the total chlorophyll activity 
in primary roots also progressively decreased, these 
findings could represent a decrease in ATP demand after 
completion of germination. A similar pattern of changes in 
respiratory activity has been observed in two other weed 
species, Bidens pilosa L. (Pergo, Ishii-Iwamoto, 2011) and 
Euphorbia heterophylla L. (Kern et al., 2009).
Several authors have noted that some classes of 
allelochemicals inhibit photosynthesis by inducing 
changes in the chlorophyll content of the receptor 
plants (Chou, 1999; Baziramakenga, Simard, Leroux, 
1994; Blum, Rebbeck, 1989; Einhellig, Rasmussen, 
1979; Einhellig et al., 1970). The chlorotic appearance 
of the plants could be a symptom of the degradation of 
chlorophyll or the inhibition of its synthesis, which could 
prevent Mg-porphyrin formation (Einhellig, 1986). In both 
cases, these effects are similar to the role of herbicides, 
such as pyridazinones and imidazolinones (Cayon et al., 
1990; Duke, 1985).
FIGURE 7 – Total protein content of lettuce seedlings subjected 
to hexane (FH), chloroform (FCL), and methanolic (FM) 
fractions of Citrus sinensis. 
FIGURE 8 – Chrorophyll content and respiration in roots of lettuce seedlings subjected to hexane (FH), chloroform (FCL) and 
methanolic (FM) fractions of Citrus sinenis. 
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The results obtained in this study show the potential 
application of C. sinensis residues as herbicides and are 
comparable with the findings presented by Kato-Noguchi 
and Tanaka (2004), in which Citrus junos residues inhibited 
the growth of roots and sprouts of alfafa (Medicago sativa 
L.), watercress (Lepidium sativum L.), crabgrass (Digitaria 
sanguinalis L.), lettuce (Lactuca sativa L.), Timothy 
(Pheleum pretense L.), and ryegrass (Lolium multiflorum 
Lam.). Therefore, all these residues can be used for weed 
management. An interesting result observed by Kato-
Noguchi and Tanaka (2004) was that there was no plant 
growth near Citrus aurantium plantations, which could 
indicate the presence of allelophatic mechanisms.
The occurrence of SOD, CAT, and POD activities 
in seedlings, along with the significant alteration in 
respiration, suggests that production of ROS is initiated 
as soon as mitochondrial respiration resumes during the 
seed imbibition. Although the relative contribution of each 
process to respiration is not clear from our data, all these 
processes are stimulated in oxidative stress conditions 
(Silva et al., 2014).
Plant development has decisive stages that are 
very vulnerable, such as seed germination, and it is 
important to take these stages into account when seedling 
growth is studied. Seed germination is the process by 
which the plant embryo resumes growth after a period 
of quiescence. Under favorable conditions, the rapid 
growth of the embryo culminates in rupture of covering 
layers and emergence of the radicle, which is considered 
the completion of germination. At this stage, the fate of 
individual embryo cells, whether they reenter the cell 
cycle or remain in arrested state, is decisive in determining 
seedling formation. The development and functionality 
of the plant depend on the capacities of embryo cells to 
restart division and differentiate into new cells (Barrôco 
et al., 2005).
CONCLUSION
The results of this study showed that the oils 
extracted from Citrus sinensis seeds are a rich source of 
unsaturated fatty acids with important industrial uses, 
particularly as possible allelopathic compounds. Because 
Brazil is one of the biggest producers of Citrus in the 
world, and Citrus seeds are generally discarded as agro-
industrial residues, the results presented here suggest that 
these residues could be used as a potential allelopathic 
commodity for weed growth management in both small 
and large crops cultivated in Brazil.
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